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1
STEERING FUSE

TECHNICAL FIELD

The present disclosure generally relates to marine vessels.
More, specifically, the present disclosure relates to torque
transmission in a steering system for a marine pod drive.

BACKGROUND

Typically, vehicles and/or machines include a fuel-pow-
ered engine that may provide mechanical power to various
transmission mechanisms. A transmission mechanism, such
as a steering system, generally includes a driving member and
a driven member. The driving member transfers the mechani-
cal power from the fuel-powered engine to one or more loads,
such as a steering load. An exemplary driving member may be
a driving gear mounted to a driving shaft, and an exemplary
driven member may be a driven gear in mesh with the driving
gear and mounted to a driven shaft. The driving member may
be continuously engaged with the driven member or selec-
tively engaged with the driven member. The driving shaft may
be rotated by the fuel-powered engine or an electric motor.
Hence, rotation of the driving shaft may be transmitted to the
driven shaft through the driving member and the driven mem-
ber. In other words, the driving member transmits certain
moment of force or torque to the driven member attached on
the driven shaft. The driven shaft may be further connected to
a load. For example, the driven shaft may be connected to a
steering link of a vehicle. Hence, the driving shaft may trans-
mit a torque to the driven shaft via the driving and the driven
members.

Usually, the driving member and the driven member are
designed to transmit the torque in a pre-specified range. In
case the transmission mechanism experiences an excessive
load, the driven member and/or the driving member may fail.
In other words, gears of the driving member and the driven
member may fracture when the load exceeds the tensile
strength of the gear material. Load may also increase due to
bearing seizure, any foreign material passing through the
mesh of the gears, sudden failure of the engine, or mis-
alignment of the gears. Also, if the torque transferred by the
driven member and the driving member exceeds the pre-
specified range, the complete transmission mechanism may
fail.

One of the existing systems provides a keyway and key
mechanism to prevent damage to gears in an event of exces-
sive load. In such mechanisms a key is used to attach a
rotating gear to a gear shaft. The key can be inserted in a key
seat or keyway in the gear shaft. The keyway can be a grove
or a pocket provided on the gear shaft such that the key can be
fitted inside the keyway and the key can temporarily fasten the
gear with the gear shaft. Hence, the keyway and key mecha-
nism prevents any relative motion between the gear and gear
shaft. Thus, in the condition of excessive load, the keyway or
the key may shear. However in such a system, the gear and the
gear shaft may need to be dis-assembled or replaced in an
event of failure of the key or the keyway.

SUMMARY

The disclosure relates to a steering system for a marine pod
drive. The system includes a driving shaft, and a driving
pinion attached to the driving shaft. The system further
includes a driven shaft, and a driven gear mounted to the
driven shaft. Furthermore, the system includes an intermedi-
ate shaft. Additionally, the system includes an intermediate
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gear mounted to the intermediate shaft and in mesh with the
driving gear. Also the system includes an intermediate pinion
attached to the intermediate shaft and in mesh with the driven
gear. Furthermore the system includes, a fuse pin configured
to fasten the intermediate gear with the intermediate pinion.
Moreover, the fuse pin is configured to shear when a trans-
mitting torque in the system exceeds a rated torque value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary steering system according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

FIG. 1 illustrates an exemplary steering system 100 for a
marine pod drive. The steering system 100 may be configured
to transmit rotational motion from one shaft to another shaft.
The steering system 100 is shown to include a drive motor
102, a driving shaft 104, a driving pinion 106, an intermediate
shaft 108, an intermediate gear 110, an intermediate pinion
112, a driven shaft 114, and a driven gear 116.

The steering system 100 may be configured to transfer
rotational motion from the drive motor 102 to the driven shaft
114, via the driving shaft 104, the driving pinion 106, the
intermediate shaft 108, the intermediate gear 110, the inter-
mediate pinion 112, and the driven gear 116. The drive motor
102 may be a power source for providing rotary motion to the
driving shaft 104. For example, the drive motor 102 may be an
engine, an electric motor, a hydraulic motor, a pneumatic
motor, a crank shaft mechanism, and the like. The drive motor
102 can be configured to rotate the driving shaft 104. Further,
the driving pinion 106 may be attached to the driving shaft
104 such that the driving pinion 106 rotates with the rotation
of the driving shaft 104. In one embodiment, the driving
pinion 106 can be mounted to the driving shaft 104 by a
mounting mechanism known in the art. For example, the
driving pinion 106 may be welded, have splines, internal
gears, a key and keyway mechanism, a square hole, or at one
least flat surface hole in the driving pinion 106 that mates with
a similar design on the driving shaft 104. Thus, the rotation of
the driving shaft 104 rotates the driving pinion 106. In an
embodiment, the driving pinion 106 may be integral to the
driving shaft 104. In an embodiment, as illustrated in FIG. 1,
the driving pinion 106 may be casted or machined as a single
unit with the driving shaft 104, thus can be an integral part of
the driving shaft 104.

The rotary motion of the driving shaft 104 may be trans-
mitted to the intermediate shaft 108. The intermediate shaft
108 can include the intermediate gear 110. The intermediate
gear 110 can be mounted to the intermediate shaft 108 and in
mesh with the driving pinion 106. In an embodiment, the
intermediate shaft 108 can be positioned adjacent to the driv-
ing shaft 104 in a manner such that the intermediate gear 110
is in continuous mesh with the driving pinion 106. In other
words, the rotary motion of the driving shaft 104 can be
transmitted to the intermediate shaft 108 via the driving pin-
ion 106 and the intermediate gear 110. The intermediate gear
110 can be mounted to the intermediate shaft 108 by a mount-
ing mechanism known in the art. It may be noted that the
intermediate gear 110 can be removeably mounted to the
intermediate shaft 108 in a manner such that the intermediate
gear 110 can either rotate freely on intermediate shaft or be
fastened to rotate with the intermediate shaft 108. In other
words, the intermediate gear 110 is removeably mounted to
the intermediate shaft 108 such that the intermediate gear 110
can rotate freely or slip on the intermediate shaft 108. The



US 9,067,665 B1

3

intermediate gear 110 can rotate with the rotation of the
driving shaft 104 via the driving pinion 106, whereas the
intermediate shaft 108 can remain stationary. It can be con-
templated that the intermediate gear 110 can rotate freely on
the intermediate shaft 108, hence does not transfer any rotary
motion unless fastened to rotate with the intermediate shaft
108.

Further, the intermediate shaft 108 includes the intermedi-
ate pinion 112. The intermediate pinion 112 can be attached to
the intermediate shaft 108 such that intermediate pinion 112
can be co-axial with the intermediate gear 110. In an embodi-
ment, the intermediate pinion 112 can be integral to the inter-
mediate shaft 108. In other words, the intermediate pinion
112 may be casted or machined as a single unit with the
intermediate shaft 108, thus can be an integral part of the
intermediate shaft 108.

It may be noted that the intermediate pinion 112 can be
casted as an integral part with on the intermediate shaft 108,
and the intermediate gear 110 can be removeably mounted at
a fixed axial distance from the intermediate pinion 112. The
intermediate gear 110 can be mounted to either side of the
intermediate pinion 112.

The steering system 100 also includes the driven shaft 114.
In an embodiment, the driven shaft 114 can be disposed
adjacent to the driving shaft 104 and the intermediate shaft
108. The driven shaft 114 includes the driven gear 116. The
driven gear 116 may be in mesh with the intermediate pinion
112 and mounted to the driven shaft 114 by a mounting
mechanism known in the art. For example, the driven gear
116 can be fastened on the driven shaft 114 by a nut and bolt
mechanism, welded, have splines, internal gears, a key and
key way mechanism, a square hole, or at one least flat surface
centre hole in the driven gear 116, that mates with a similar
design on the driven shaft 114. Hence, the driven gear 116 and
the driven shaft 114 can rotate as complete unit. The driven
gear 116 can be in mesh with the intermediate pinion 112. In
an embodiment, the driven gear 116 can be a helical gearor a
spur gear in mesh with the intermediate pinion 112.

In an embodiment, the driven shaft 114 can be a steering
shaft for a steering mechanism of a marine pod drive. In other
words, the drive motor 102 can be steering motor configured
to rotate a steering shaft of a marine pod drive through the
steering system 100.

FIG. 1 further illustrates a first hole 118 in the intermediate
gear 110 and a second hole 120 in the intermediate pinion
112. In an embodiment, the first hole 118 and the second hole
120 can be drilled parallel to axis of intermediate shaft 108. A
fuse pin 122 may be disposed inside the first hole 118 and the
second hole 120 to fasten the intermediate gear 110 with the
intermediate pinion 112. In other words, the intermediate
gear 110 is fastened to rotate with the rotation of the interme-
diate shaft 108. The fuse pin 122 can be positioned in the first
hole 118 and the second hole 120 in manner such that the
intermediate pinion 112, the intermediate gear 110 and the
intermediate shaft 108 rotate as an integral unit. In other
words, the fuse pin 122 can be disposed in a manner to cause
the rotation of the intermediate pinion 112 and the interme-
diate shaft 108 with the rotation of the intermediate gear 110.
Thus, the intermediate gear 110 may be fastened and rotated
with the intermediate pinion 112. Examples of the fuse pin
122 may include, but are not limited to, a metal pin, a wedge,
akey, and the like. In an embodiment, the fuse pin 122 can be
alloy steel or any other suitable material.

In operation, the drive motor 102 rotates the driving shaft
104. The rotation of the driving shaft 104 causes the rotation
of the driving pinion 106. The driving pinion 106 is in mesh
with the intermediate gear 110. The rotation of the interme-
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diate gear 110 causes the rotation of the intermediate shaft
108, when the intermediate gear 110 is fastened with the
intermediate pinion 112. In other words, the fuse pin 122
fastens the intermediate gear 110 with the intermediate pinion
112. Hence the rotation of the intermediate gear 110 causes
the rotation of the intermediate pinion 112 and the interme-
diate shaft 108. The intermediate pinion 112, in turn is in
mesh with the driven gear 116. The rotation of the driven gear
116 causes the rotation of the driven shaft 114. Hence, the
steering system 100 may be designed for transmitting torque
or rotary motion from the driving shaft 104 to the driven shaft
114 of the steering system 100 for the marine pod drive.

The driving shaft 104 may be rotated by the drive motor
102. The rotation of the driving shaft 104 may be transmitted
to the driven shaft 114 through the driving pinion 106, the
intermediate gear 110, the intermediate pinion 112 and the
driven gear 116. In other words, the driving shaft 104 is said
to have transmitting torque or certain moment of force to the
driven shaft 114. The driving shaft 104 and the driven shaft
114 of the steering system 100 may be designed to transmit
rotary motion or torque in a pre-specified range. In other
words, the steering system 100 may have a rated torque. For
example, the driving shaft 104 may be an output shaft from a
power transmission and the driven shaft 114 can be an input
shaft of a steering mechanism. The driving shaft 104 and the
driven shaft 114 along with the intermediate shaft 108 may be
configured to have a value of torque corresponding to a pre-
specified range of torque that can be transmitted through
them. In other words, torque that can be transmitted from the
driving shaft 104 and the driven shaft 114 can be limited by
the material, shape or design of the driving shaft 104, the
driven shaft 114, and intermediate shaft 108. The amount of
torque transmitted can also be limited by the material, design,
size, and tooth profile of the driving pinion 106, intermediate
gear 110, intermediate pinion 112 and the driven gear 116.
Thus, the maximum value of torque that the steering system
100 is capable of transferring can be referred as the rated
torque value.

In an embodiment, the driving shaft 104 and the driven
shaft 114 may be transmitting torque which may exceed the
rated torque value. For example, driving pinion 106 or the
driven gear 116 may fracture when the load exceeds the
tensile strength of the gear material. Load may also increase
due to bearing seizure, any foreign material passing through
the mesh of the gears, sudden failure of the engine, or mis-
alignment of the gears. Another cause of failure could be a
static or impact load, to the steerable housing that extends
below the hull of the marine vessel, which would cause a
rotational force on the steering system 100 would exceed the
materials of the steering system 100. In other words, the
steering system 100 may be subjected to an excessive torque
beyond the rated torque value. As a result of the excessive
torque, the fuse pin 122 connecting the intermediate gear 110
and the intermediate pinion 112 experiences a shearing load.
The shearing load results in shearing of the fuse pin 122,
thereby causing the intermediate gear 110 to dis-engage from
the intermediate pinion 112 and rotate freely on the interme-
diate shaft 108. Thus, the fuse pin 122 shears when the trans-
mitted torque through the steering system 100 exceeds the
rated torque value. Hence, the intermediate gear 110 is un-
fastened and rotates freely on the intermediate shaft 108.
Therefore, the rotary motion of the driving shaft 104 is not
transmitted to the driven shaft 114. In other words, the fuse
pin 122 acts a fuse for the steering mechanism 100 and dis-
engages the intermediate gear 110 from the intermediate pin-
ion 112, thereby preventing overloading and consequent
damage to the steering system 100.
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INDUSTRIAL APPLICABILITY

The present disclosure applies generally to marine vessels
and specifically applicable to a steering system 100 of a
marine pod drive. The steering system 100 may include a
steering gear case, an input shaft, and an output shaft. The
input shaft may be similar to the driving shaft 104. The output
shaft may be similar to the driven shaft 114 and may be further
connected to steering linkage of the marine pod drive. The
input shaft may be driven by a pod drive unit similar to the
drive motor 102. In other words, the input shaft may be a
driving shaft 104 that may be rotated by the pod drive unit,
such as the electronic power steering motor, a stepper motor,
a hydraulic motor and the like. The input shaft and the output
shaft are connected by a steering gear case. The steering gear
case may include a set of gears mounted to a common shaft
similar to the intermediate gear 110, the intermediate pinion
112, and the intermediate shaft 108. In an embodiment, the
input shaft, the steering gear case and the output shaft may be
similar to the steering system 100, as illustrated in FIG. 1.
Hence, torque may be transmitted through the input shaft to
the output shaft through the steering gear case.

The output shaft may be further connected to a steering link
of a propulsion unit. In general, the propulsion unit may be
rotatably mounted with a hull of the marine vessel. The pro-
pulsion unit may include at least one propeller that may be
rotated to produce forward or backward thrust. Further, the
propulsion unit may be steered about a suitable axis, to steer
the vessel. The propulsion unit can be steered by the steering
link.

Hence, the output shaft steers the propulsion unit through
the steering link. In other words, the rotary motion ofthe input
shaft may be transmitted to the output shaft which in turn may
be attached to steering link of the propulsion unit of the
marine vessel. Hence, the rotation of the input shaft (analo-
gous to the driving shaft 104) causes the rotation of the output
shaft (analogous to the driven shaft 114), through the steering
gear case, thereby rotating the propulsion unit.

Maneuvering the propulsion unit of the vessel requires
torque to be transmitted from the input shaft to the output
shaft. During such maneuvering, the transmitting torque may
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exceed the rated torque value. For example, while steering the
vessel, wooded logs may get stuck around the propulsion unit.
Operator of the vessel may try to steer the propulsion unit and
in the event apply additional power through the pod drive unit.
In such as scenario, the steering gear case may be subjected to
torque which may exceed the rated torque value. Hence, the
driving pinion and the driven gear may break or damage.
Also, the pod drive unit may get over loaded and fail. How-
ever, the disclosed steering system 100 provides the fuse pin
122. Instead, failure of gears or the pod drive unit, the fuse pin
122 shears and disengages the input shaft from the output
shaft. Thus, the excess load can be prevented from being
transmitted through the steering system 100. Hence, the fuse
pin 122 protects the steering system 100 of'a marine pod drive
from damage. Also, in an event of excessive load, the sheared
fuse pin 122 may be replaced easily without having to dis-
assemble the propulsion unit or the input or output shaft of a
marine pod.

It should be understood that the above description is
intended for illustrative purposes only and is not intended to
limit the scope of the present disclosure in any way. Thus,
those skilled in the art will appreciate that other aspects of the
disclosure can be obtained from a study of the drawings, the
disclosure, and the appended claim.

What is claimed is:

1. A steering system for a marine pod drive, comprising:

a driving shaft;

a driving pinion attached to the driving shaft;

a driven shaft;

a driven gear mounted to the driven shaft;

an intermediate shaft;

an intermediate gear mounted to the intermediate shaft and
in mesh with the driving pinion;

an intermediate pinion, attached to the intermediate shaft
and in mesh with the driven gear; and

a fuse pin configured to fasten the intermediate gear with
the intermediate pinion, wherein the fuse pin is config-
ured to shear when a transmitting torque exceeds a rated
torque value.



